Holes 572C and 573A provide high resolution (~5OOO-yr. sampling interval) records of oxygen and carbon isotope stratigraphy {Globigerinoides sacculifera) and carbonate stratigraphy for the Pliocene of the equatorial Pacific. These data enable detailed correlation of carbonate events between sites and provide additional resolution to the previous carbonate stratigraphy. Comparison of calcium carbonate and δ 18 θ data reveal a "Pacific-type" carbonate stratigraphy throughout the Pliocene. The δ 18 θ data have two modes of variability with a boundary at 2.9 Ma. The planktonic δ 18 θ record does not have a steplike enrichment at 3.2 Ma, which is observed in benthic records elsewhere, suggesting that this event does not represent the proposed initiation of northern hemispheric glaciation. Hole 572C does record a distinct δ 18 θ enrichment event at about 2.4 Ma, which has been previously associated with the onset of major ice rafting in the North Atlantic.
INTRODUCTION
Leg 85 provides an opportunity to study high resolution records of carbonate-rich sediments from the equatorial Pacific. Although this area has been extensively sampled in the past, previous cores were not suitable for high resolution work. Soft sediments in cores from earlier DSDP sites in this area (summarized in van Andel et al., 1975; Vincent, 1981) are disturbed by drilling, which rendered detailed work nearly impossible. The piston cores from this area (Hays et al., 1969; Saito et al., 1975) have relatively continuous records but very low accumulation rates (<5 m/m.y.). Hence, many details of the carbonate and isotopic records from the equatorial Pacific are obscured by low sample density, drilling disturbances and bioturbation. The multiple hydraulic piston cores of Leg 85 provide records of continuous, undisturbed Neogene sediments having moderate to high rates of accumulation.
The sediments of the equatorial Pacific have been important in deciphering the paleoceanography of the Neogene. Specifically, they have been used to establish temporal variations of calcium carbonate content and the relationship of carbonate stratigraphy to climatic changes. They have also been used to develop the oxygen and carbon isotopic record of Neogene foraminifers, which has been used to establish the temporal sequence of glaciation in the Northern Hemisphere.
This study uses Pliocene sediments at Sites 572 and 573 to provide a detailed record of isotopic and carbonate variations during the Pliocene from about 4.0 to 2.0 Ma. The specific objective is to construct a high resolution (~5000-yr. sample interval) time series of planktonic δ 18 θ and total carbonate and to compare that record to the benthic isotopic and carbonate record of equatorial Pacific piston Core V28-179 (Shackleton and Opdyke, 1977) . Specifically, I seek to establish the pattern of planktonic δ 18 θ variability prior to, during, and after the proposed initiation of Northern Hemisphere glaciation at about 3.2 Ma (Shackleton and Opdyke, 1977) . I also wish to compare the record of calcium carbonate dissolution events (for summary, see Vincent, 1981) to the planktonic and benthic isotopic records to determine the correlation in the timing of glacial-sea level events and the carbonate preservation in the equatorial Pacific.
DATA AND METHODS
Samples were selected from Hole 572C (3893 m water depth) and Hole 573A (4301 m water depth) because these holes were at the shallowest sites and offered the best possibility for good carbonate preservation. Specifically, samples were analyzed at 10-cm intervals in Cores 4, 5, 6, and 1 (29.3 to 61.1 m) in Hole 572C and at 15-to 20-cm intervals in Cores 5 and 6 (39.8 to 57.7 m) in Hole 573A. All samples were analyzed for coarse fraction content and calcium carbonate content, and the isotopic composition of Globigerinoides sacculifera (300 to 355 µm) was analyzed in samples from Hole 572C.
All samples were disaggregated in tap water and wet sieved through a 150 µm sieve and dried at 50° C. Coarse fraction values are the weight percentage of the fraction greater than 150 µm. Calcium carbonate content was measured using a modified version of the gasometric apparatus described by Jones and Kaiteris (1983) . The Brown University carbonate system uses a differential pressure gauge rather than vacuum gauge and routinely attains a precision of about 0.5% (based on duplicate analyses).
The oxygen and carbon isotopic composition of foraminifers were measured on approximately 10 to 20 individuals of G. sacculifera that were cleaned in an ultrasonic bath to remove fine fraction contamination. All samples were roasted under a vacuum at 37O°C for 1 hr. H 2 O and CO 2 were extracted from the carbonate reac-tion with orthophosphoric acid at 50°C and separated by a series of three transfer steps; the CO 2 was analyzed in an online VG Micromass 602D Mass Spectrometer. All data are referred to PDB by the standard δ notation (Craig, 1957) . Calibration to PDB is through three intermediate laboratory standards. Agreement among all calibration standards is ±0.2 %o. Analytic precision indicated by the first acceptable analysis of the working carbonate standard before each analytical session (31 days) is ±0.09 %o (1 σ) for oxygen and ±0.06 %o for carbon. Analytic precision based on 41 blind duplicate analyses run on separate days is ±0.09 ‰ (average Vi δ 18 θ) and ±0.14 ‰ (average ! /2 δ 13 C). The coarse fraction, carbonate, δ 18 θ, and δ 13 C data for Hole 572C are plotted versus core depth in Figure 1 and are summarized in Table 1. The carbonate data for Hole 573A are shown in Figure 2 and are given in Table 2 . Carbonate data for Core V28-179 (Fig. 2) are from Dunn (1982) .
RESULTS

Carbonate and Magnetostratigraphy
One objective of this study is to compare the carbonate and isotopic records of Site 572 to the magnetostratigraphy of other equatorial Pacific cores, such as V24-59 (Hays et al., 1969) , RC12-66 (Saito et al., 1975) , and V28-179 (Shackleton and Opdyke, 1977 4-3,25 4-3, 35 4-3, 45 4-3, 55 4-3, 65 4-3, 65 4-3, 75 4-3, 85 4-3,95 4-3, 105 4-3, 115 4-3, 115 4-3, 125 4-3, 135 4-3, 145 4-4, 5 4-4, 15 4-4, 25 4-4, 35 4-4, 45 4-4, 55 4-4, 65 4-4, 79 4-4, 85 4-4, 95 4-4, 105 4-4, 115 4-4, 125 4-4, 135 4-4, 145 4-4, 145 4-5, 5 4-5, 5 4-5, 15 4-5, 15 4-5, 25 4-5, 25 4-5, 35 4-5, 35 -6, 36 5-6, 46 5-6, 56 5-6, 66 5-6, 66 5-6, 73 5-6, 86 5-6, 96 5-6, 106 5-6, 116 5-6, 126 5-6, 136 5-6, 146 5-7,6 5-7, 16 5-7, 26 5-7, 36 6-1, 6 6-1, 16 6-1, 26 6-1, 36 6-1, 46 6-1, 56 6-1, 66 6-1, 75 6-1, 86 6-1,96 6-1, 106 6-1, 116 6-1, 126 6-1, 136 6-1, 146 6-1, 146 6-2, 6 6-2, 16 6-2, 26 6-2, 26 6-2, 36 6-2, 46 6-2, 56 6-2, 66 6-2, 75 6-2, 86 6-2, 96 6-2, 106 6-2, 106 6-2, 116 6-2, 126 6-2, 136 6-2, 146 6-3, 6 6-3, 16 6-3, 26 6-3, 36 6-3, 46 6-3, 56 6-3, 66 6-3, 75 6-3, 86 6-3, 96 6-3, 96 6-3, 106 6-3, 116 6-3, 126 6-3, 136 6-3, 136 6-3, 146 6-4, 6 6-4, 16 6-4, 26 6-4, 36 6-4, 46 6-4, 56 6-4, 66 6-4, 75 6-4, 86 6-4, 96 6-4, 106 6-4, 116 6-4, 116 6-4, 126 6-4, 136 6-4, 146 6-4, 146 6-5, 6 6-5, 16 6-5, 26 6-5, 26 6-5, 36 6-5, 46 6-5, 56 6-5, 66 6-5, 70 6-5, 86 6-5, 96 6-5, 96 6-5, 106 6-5, 116 6-5, 126 6-5, 136 6-5, 146 6-6,6 6-6, 16 6-6, 26 6-6, 36 6-6, 36 6-6, 46 6-6, 56 6-6, 56 6-6, 66 6-6, 75 6-6, 86 6-6, 96 6-6, 106 6-6, 116 6-6, 116 6-6, 126 6-6, 136 6-6, 146 6-7,6 6-7 16 6-7, 26 6-7, 36 7- (Fig. 2) . The same carbonate events were also correlated to piston Core V28-179 (Fig.  2) , which has both isotopic stratigraphy and magnetostratigraphy (Shackleton and Opdyke, 1977) . -5, 75 7-5, 86 7-5, 96 7-5, 106 7-5, 116 7-5, 126 7-5, 136 7-5, 146 7-6, 6 7-6, 16 7-6, 26 7-6, 36 7-6, 46 7-6, 56 7-6, 66 7-6, 76 7-6, 86 7-6, 96 7-6, 106 7-6, 116 7-6, 126 7-6, 136 7-6, 146 7-7, 6 7-7, 16 7-7, 26 7-7, 36 The mean carbonate content of these three equatorial cores is related to water depth. Site 572 is the shallowest (3893 m) and has a mean carbonate content of 78.4%. Site 573 is 4301 m deep and has a mean carbonate content of 66.2%. Core V28-179 is the deepest core (4509 m) and has a mean carbonate content of 48.4%. Although the mean carbonate content is different for the various sites, several intervals of high and low carbonate form distinctive events that can be correlated between these and other equatorial Pacific cores (Hays et al., 1969; Kaneps, 1973; Vincent, 1981) . . Calcium carbonate content and magnetostratigraphy for Core V28-179 and Hole 573A and carbonate stratigraphy for Hole 572C. All records are aligned on carbonate event Gu3a. Correlations between Hole 573A and Hole 572C are the basis for assigning ages to Hole 572C (see Table 3 ). Nomenclature of carbonate events follows that of Hays et al. (1969) with modifications for higher resolution events (see text for discussion). K = Kaena Subchron; M = Mammoth Subchron.
The most prominent event in the mid-Pliocene is the Gu3 event of Hays et al. (1969) . This low carbonate "dissolution" event occurs near the Mammoth Subchron (Hays et al., 1969; Kaneps, 1973; Vincent, 1981) . In the higher resolution records of this study, event Gu3 is observed to be a twin dissolution event, with the younger event (Gu3a) located just below the Kaena Subchron and the older event (Gu3b) occurring within the Mammoth Subchron (Fig. 2) . This distinctive twin event is a key datum level for the correlation of Hole 572C to other cores. In Figure 2 , the cores are aligned on event Gu3a. Above Gu3 there is an intermediate carbonate low centered at 43.9 m (Gul in Fig. 2 ) and an interval having consistently high values centered at 42.2 m (GuO in Fig.  2 ) that can be correlated between cores (Fig. 2) . These upper Gauss designations are preliminary because the data do not cover the complete interval that is equivalent to the Gauss, and the available data indicate that previous records may have missed important details.
Below event Gu3, the Gauss contains an interval of high carbonate with small-scale variability (Gu4) and a complex low carbonate interval with several subevents (here grouped as Gu5) (Fig. 2) . The Gauss/Gilbert boundary falls within event Gu5 at Site 573 and in Core V28-179, and its equivalent depth in Hole 572C is 53.3 m (Fig. 2) . This placement of the Gauss/Gilbert boundary 5-6, 120 5-6, 139 5-6, 140 5-7,0 5-7,2 5-7, 20 6-1, 3 6-1, 19 6-1, 39 6-1, 59 6-1, 79 6-1, 99 6-1, 119 6-1, 139 6-2,2 6-2, 19 6-2, 39 6-2, 57 6-2, 79 6-2, 99 6-2, 119 6-2, 138 6-3,2 6-3, 19 6-3, 59 6-3, 60 6-3, 79 6-3, 99 6-3, 119 6-3, 141 6-4, 2 6-4, 19 6-4, 39 6-4, 61 6-4, 80 6-4, 99 6-4, 119 6-4, 139 6-5, 2 6-5, 19 6-5, 39 6-5, 61 6-5, 78 6-5, 99 6-5, 119 6-5, 138 6-6, 2 6-6, 19 6-6, 39 6-6, 60 6-6, 78 within the carbonate stratigraphy is consistent with its location in Cores V24-59 and RC12-66, which have much less detail. Below the Gauss/Gilbert boundary, at about 54.9 m, Site 572 contains a short, unrecognized, high-carbonate-content event with a twin peak (GiOa). This event is clear at about 48.99 m at Site 573, but the split peak is less obvious (Fig. 2) . A second carbonate maximum (GiOb) occurs at about 56.4 m in Hole 572C and 50.78 m in Hole 573A. This nomenclature is used to preserve the previously numbered events within the Gilbert. Below the proposed GiO subevents there is an interval of low carbonate (57 to 60 m) that has several discrete subevents. This entire interval is probably equivalent to Gil, because it is observed in Cores V24-59 and RC11-62 and at DSDP Sites 310 and 157 (Vincent, 1981) . Below Gil there is an interval of high carbonate content at about 61 to 63 m at Site 572 and 55 to 57 m at Site 573 that is equivalent to Gi2 (Fig. 2) .
The above correlations between Sites 572 and 573 have been used along with two shipboard biostratigraphic age datum levels to construct an age model for the Hole 572C record (Table 3) . The age models for Site 573 and Core V28-179 are based directly on their magnetostratigraphy.
Coarse Fraction Stratigraphy
The coarse fraction record of Site 572 is characterized by two distinct regimes of variability ( Fig. 1 and Table 1 ). The upper section (29.5 to 37.5 m in Hole 572C) is highly variable (6% standard deviation) and has several distinct cycles about 2 m in length. The lower section (37.5 Fig. 2 ). Ages for these levels are derived from the magnetostratigraphy of Hole 573A. Hole 573A: Ages of chron and subchron boundaries are from LaBrecque et al. (1977) and are updated by Mankinen and Dalrymple (1979) and summarized for Leg 68 by Keigwin (1982a) .
to 63.0 m in Hole 572C) is characterized by low amplitude (1 to 2%), high-frequency variations superimposed on a longer periodicity. The boundary between these two regimes is recognized as the color and lithofacies boundary between cyclic siliceous and calcareous, varicolored ooze in the upper section and green varicolored ooze in the lower section. The boundary between the lithofacies and coarse fraction regimes is estimated to be at about 2.4 Ma on the basis of shipboard biostratigraphy and at about 2.5 Ma on the basis of extrapolation from the nearest paleomagnetic-carbonate correlation datum.
Oxygen and Carbon Isotope Stratigraphy
The planktonic δ 18 θ record of the Pliocene of Site 572 is characterized by two intervals with different patterns of isotopic variability, which are separated by a sharp increase upward at about 44 m sub-bottom depth (Fig. 1) . The lower interval (67 to 44 m) is characterized by lower δ 18 θ values (x = -1.10 %o) and low variability (σ = 0.21 %o). Within this interval, events with low values reach about -1.5 %o and events with high values reach about -0.75 ‰ (Fig. 1) . The maxima and minima in the lower section are lower than comparable events in the upper section. Cyclic variability on the scale of 1 and 2 m is observed within this lower section. Preliminary spectral analysis of this interval reveals concentrations of variance near 250,000, 100,000, 26,000, and 19,000 yr. The transition to the upper section occurs at 44 m and is observed as a rapid increase in δ 18 θ. The age of this transition is about 2.9 Ma. A similar transition is observed in the benthic record from North Atlantic Hole 552A (Shackleton et al., 1984) .
The upper section (44 to 29 m) displays higher δ 18 θ values Qc = -0.77 %o) and higher variability (σ = 0.27 %o) than the lower section. Within this interval the minimum events are about -1.2 %o, whereas the maximum events reach about -0.40 %o (Fig. 1) . The largest and most distinctive event in this interval occurs from about 37.5 to 35.5 m, which is equivalent to about 2.4 to 2.3 Ma. This event has a characteristic two-peak structure that is similar to but lower in amplitude than the benthic isotopic event associated with the onset of major ice rafting found in North Atlantic Hole 552A (Shackleton et al., 1984) . Preliminary analysis of the δ 18 θ data of the upper section indicates that it contains a long-period component between 300,000 and 500,000 yr. and weaker components near 100,000 and 47,000 yr.
The carbon isotope stratigraphy also displays longterm variability but does not naturally fall into two intervals as do the δ 18 θ data. However, if the divisions defined by the δ 18 θ data are used, the δ 13 C of the lower section (67 to 44 m) is somewhat higher (x = 1.92 %o) and more variable (σ = 0.25) than the δ 13 C of the upper section (x = 1.77 ‰, σ = 0.22 ‰). The δ 13 C record also displays a definite long-period variability of about 215,000 yr. in the upper section and both 500,000 and 120,000 yr. in the lower section. This strong low-frequency variability is more evident in the δ 13 C record than in the δ 18 θ record. Comparison of the δ 18 θ and δ 13 C records reveals numerous intervals or events that have strong negative covariation. Specific examples of this co-variation are the intervals from 35 to 38 m, 44 to 48 m, 48 to 52 m (a lower amplitude variation), and 60 to 65 m. Some of these intervals also correlate to events in the carbonate or coarse fraction records, especially the interval from 44 to 48 m, which coincides with the twin dissolution event Gu3.
DISCUSSION
Pliocene Glaciation
The Pliocene is often thought to contain the first major Cenozoic glaciation of the Northern Hemisphere. Much of the evidence supporting the timing of this proposed glaciation has come from deep-sea sediments and includes ice-rafted sediments (Berggren, 1972; Poore, 1981; Blanc et al., 1983; Shackleton et al., 1984) , faunal indices (Thunell and Belyea, 1982; Kennett, 1978) , and enrichment trends in the isotope composition of benthic foraminifers (Shackleton and Kennett, 1975; Shackleton and Opdyke, 1977; Keigwin, 1979; Blanc et al., 1983; Shackleton et al., 1984) . Prior to the use of hydraulic piston cores, the highest quality isotopic record relevant to this question was that of Core V28-179 from the equatorial Pacific (Shackleton and Opdyke, 1977) . This record contains a 0.4 %o increase in the average benthic δ 18 θ at approximately 3.2 Ma. This baseline shift separates an interval of low variability and relatively low isotopic values, called the preglacial Pliocene, from an interval of greater and more variable isotopic values (Shackleton and Opdyke, 1977) . The more variable and enriched values are interpreted to indicate a changing isotopic com-position of the ocean related to increased terrestrial ice volume from the presumed Northern Hemisphere continental glaciation. A second increase in the mean isotopic composition occurs at about 2.4 Ma (Shackleton and Opdyke, 1977) . This latter event is also observed in the planktonic record of Site 572 and in the benthic record of Shackleton et al. (1984) .
If these mean isotopic increases (especially the one previously proposed for 3.2 Ma) do represent permanent additions to the mean volume of continental glaciers, the isotopic composition of the entire ocean should have been increased. Therefore, the δ 18 θ observed in benthic records should also be observed in the isotopic composition of surface-dwelling planktonic foraminifers. Although surface δ 18 θ values may be modified by local temperature and salinity, the planktonic isotopic records should still contain the ubiquitous ice volume δ 18 θ signature.
Comparison of the time series of benthic δ 18 θ in Core V28-179 with the planktonic record from Site 572 (Fig. 3) reveals that the planktonic record does not have a steplike enrichment of the mean values at 3.2 Ma as does the benthic record. The planktonic record does show a broad interval of enriched δ 18 θ of about 0.4 %o between about 3.3 and 3.15 Ma, but the values do not remain enriched as they do for the benthic data (Fig. 3) . The mean δ 18 θ from 2.9 to 3.3 Ma is -1.08 ‰, which is close to the mean of -1.11 %o from 3.3 to 4.5 Ma. Hence, the planktonic record does not contain the enriched mean values that are required by the glacial initiation hypothesis. Shackleton et al. (1984) have recently interpreted a high resolution benthic isotopic record from Hole 552A to indicate that no significant Northern Hemisphere glaciation is required between 3.2 and 2.4 Ma. Although their record does not show a distinct event at 3.2 Ma, the age model for Core 552A-11 is equivocal. In this core, the documentation of the Mammoth Subchron is questionable, and large sedimentation rate changes are required within this section. Hence, the magnetic data are apparently disturbed and the isotopic record may also be affected. In this connection, a large number of benthic records do show an enrichment at about 3.2 Ma (e.g., Keigwin, 1982b; Hodell et al., 1983; Weissert et al., 1984; Shackleton and Cita, 1979) . Hence, the Hole 552A record may be not definitive for this interval.
Two explanations of these data are possible. If the benthic isotopic composition does indicate a permanent, but variable, increase in ice volume, the surface waters must have either warmed or become less saline in order to compensate for the increased δ 18 θ composition of the ocean. An alternate explanation is that no permanent addition of ice volume was initiated at about 3.2 Ma, although the co-variation of the planktonic and benthic records suggests that a short ice growth event may have occurred. This explanation requires that the benthic record reflect colder bottom waters to account for the δ 18 θ enrichment observed at 3.2 Ma and that this colder bottom water be a permanent feature of the bottom circulation.
These data cannot resolve this apparent paradox, but other low-latitude planktonic data (see Prell, 1984) have patterns similar to data from Hole 572C and thus suggest that a global warming is required to explain the planktonic patterns. Since this mechanism seems unlikely, cooler bottom waters are a more plausible alternative. In any case, the data indicate that the initiation of Northern Hemisphere glaciation is not a simple event. Further, the 3.2 Ma event may be more related to bottom water production near Antarctica, as suggested by Backman (1979) , than to glaciation in the Northern Hemisphere. We are presently analyzing the benthic isotopic composition in Site 572 to establish both records in the same core.
However, comparison of the planktonic record from equatorial Pacific Hole 572C with the benthic record from North Atlantic Hole 552A suggests the possibility of some ice volume variation. Both records are distinctly lower in δ 18 θ prior to 2.9 Ma and show similar patterns of variability (although strict co-variation cannot be evaluated at this time). In general, the co-variation of benthic and planktonic records is the best evidence for ice volume changes in the isotopic composition of the ocean. Hence, glacial variability may be indicated over the length of these records from 2.9 to 3.5 Ma. Note that Hole 572C exhibits a fairly uniform pattern of δ 18 θ variability back to about 4.5 Ma.
The Coincidence of Carbonate and Isotopic Events
Pleistocene sediments of the equatorial Pacific show a strong co-variance of carbonate and oxygen isotopic variations, with high carbonate values occurring during glacial (increased δ 18 θ) intervals. The lower carbonate contents of interglacial intervals are widely interpreted to indicate increased carbonate dissolution. This general Pacific-type pattern of carbonate and isotopic records is thought to apply to the entire Pleistocene of the equatorial Pacific. However, several low carbonate (dissolution) events in the Pliocene have been correlated with increased δ 18 θ and climatic cooling or "deterioration" at approximately 2.4 and 3.1 Ma (Vincent, 1981) . A decrease in benthic δ 13 C values is also associated with some carbonate events. Hence, in the equatorial Pacific, the climatic associations of Pliocene dissolution events appear to be opposite to those of the Pleistocene.
The detailed record from Site 572, along with the less detailed records from Site 573 and Core V28-179, indicate that the timing and character of the Gu3 dissolution event do not coincide with increased δ 18 θ events in the isotopic record (Figs. 2 and 3) . The carbonate dissolution event Gu3 is observed in all three carbonate records as a complex two-peak event, with each dissolution event (Gu3a and Gu3b) lasting about 30,000 yr. The age of the midpoint of each event is about 3.02 Ma for Gu3a and 3.13 Ma for Gu3b. Hence, the detailed carbonate and isotopic records of these cores show that the dissolution events are not coincident with the isotopic enrichments and that the patterns of isotopic enrichment are not consistent between benthic and planktonic records. Detailed examination of the carbonate and oxy- 18 θ in Core V28-179 and planktonic δ 18 θ and δ 13 C, calcium carbonate, and coarse fraction data for Hole 572C. The age model for Hole 572C is given in Table 3 and discussed in the text. gen isotopic data of Hole 572C reveals that the co-variation is positive, with low carbonate values being coincident with depleted isotopic values (i.e., interglacial intervals). Thus, the detailed record shows that event Gu3 is consistent with the Pacific-type pattern of carbonate variability. Although this striking event is probably associated with the climatic deterioration within the middle Gauss, it is not coincident with the initial isotopic enrichments observed in both the planktonic and benthic records. Thus, any mechanism proposed to link the dissolution and isotope events must take into account a lag of more than 100,000 yr. between them. Dunn (1982) has proposed that the carbonate record (Core V28-179) of the equatorial Pacific changes from an "Atlantic-type" (high carbonate values associated with low δ 18 θ during interglacial intervals) to a Pacific-type (high carbonate values associated with increased δ 18 θ during glacial intervals) during the early Gauss Chron. He suggests that this change may be related to changes in orbital parameters or to intensification of Antarctic bottom water. The paired carbonate and δ 18 θ samples of Site 572 provide a high resolution record to test this hypothesis. The Site 572 time series has a 5000-yr. sample interval, whereas the Core V28-179 time series has a 15,000 to 30,000 yr. sample interval. I used spectral analysis techniques identical to those of Dunn (1982) to examine the correlation of carbonate and δ 18 θ over the interval from 3.0 to 4.5 Ma, a time when the Atlantictype pattern should be evident.
The results of this preliminary cross-correlation analysis indicates that the lower Pliocene carbonate stratigraphy is characterized by a clear but weak association of low carbonate and low δ 18 θ (interglacial) events (Fig. 4) . Hence, Site 572 exhibits Pacific-type variation (compare fig. 4 and fig. 3 of Dunn, 1982) rather than Atlantictype variation as proposed by Dunn (1982) .This type of analysis calculates the correlation between carbonate and δ 18 θ values at all frequency bands, i.e., the total record. The coherence (correlation over a specific frequency band at 0 phase) and phase spectra for these data reveal that no frequency band with significant coherence has a phase of 180° (i.e., the Atlantic-type pattern). This preliminary analysis also reveals no significant coherence between carbonate and δ 18 θ at or near the frequency band equivalent to 100,000 yr. These comparisons and preliminary analyses indicate that the equatorial Pacific did not have an Atlantic-type carbonate stratigraphy during the early Pliocene. Further, these findings suggest that the concept of Atlantic-type and Pacific-type carbonate variations is too simplistic, especially in the absence of a dominant frequency band such as the 100,000-yr. cycle in the late Pleistocene. Because this concept relies on the total records, it combines information from all frequency bands that may have vastly different coherence and phase. In retrospect, Dunn's (1982) results may reflect aliasing and the absence of higher frequency components. CONCLUSIONS 1. Hole 572C provides a detailed (5000-yr. sample interval) of planktonic δ 18 θ and δ 13 C values and total calcium carbonate content for much of the Pliocene (4.5 to 2.0 Ma) of the equatorial Pacific. 2. The equatorial Pacific carbonate events of Hays et al. (1969) can be correlated with Sites 572 and 573. The detailed record of Hole 572C provides greater resolution and shows that the Gu3 event is a two-peak event.
3. The planktonic δ 18 θ of Hole 572C reveals that, first, the Pliocene has two δ 18 θ modes with different mean values and variability. At about 2.9 Ma, δ 18 θ values increase and become more variable. This division is also apparent in the benthic δ 18 θ record of North Atlantic Hole 552A (Shackleton et al., 1984) . Hence, similar patterns of planktonic and benthic variability indicate some ice volume changes prior to 2.9 Ma. This idea must be tested with data from the same core or better age models. Second, a distinct two-peak enrichment is observed at 2.4 to 2.3 Ma and is coincident with a similar event in the North Atlantic, which is associated with the onset of major ice rafting. The strong co-variation of planktonic and benthic records clearly identifies this glacial event. Third, the planktonic δ 18 θ record of Hole 572C does not show a steplike enrichment of mean values at 3.2 Ma. This lack of co-variation with benthic records suggests that increased glaciation is not the cause of the benthic isotopic change at 3.2 Ma. An alternative suggestion is that bottom waters cooled at this time (probably from a southern source).
4. Comparison of high resolution δ 18 θ records and carbonate records from Hole 572C reveals that the lower Pliocene of the equatorial Pacific is characterized by a Pacific-type carbonate stratigraphy.
